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METHOD AND STRUCTURE FOR CONTROLLED 
IMPEDANCE WIRE BONDS USING CO-DISPENSING OF 

DIELECTRIC SPACERS 
DESCRIPTION 
BACKGROUND OF THE INVENTION 

Field of the Invention 
The present invention generally relates to wire bonding of devices to the 
next level of packaging or between devices within a package. More specifically, 
to improve wide bandwidth signal transmission, the parasitic inductance can be 
lowered and compensated with distributed capacitance by tightly spacing a 
plurality of bond wires and/or bond ribbons so that the resulting impedance can be 
controlled for wide bandwidth signal transmission. 



Description of the Related Art 
Transition of signals between a device and the next level of packaging 
(e.g., a semiconductor device and package), or between devices is often achieved 
by using bond wires (also referred to herein as bonding wires). Figure 1 A shows a 
top view 100 and Figure IB shows a side view 101 of a typical round wire 
bonding technique. In this example, round wire 102 is bonded to pad 103 
mounted on chip 104. 
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SUMMARY OF THE INVENTION 

Bond wires can vary both in shape (round or flat) and width (e.g., typically 
1-8 mils), as well as length (e.g., typically 100 - 1000 ^im). These bond wires 
represent, in most practical cases, a parasitic inductive element in the signal path 
which limits the transmission of wide bandwidth signals. This is equivalent to 
stating that they represent a high characteristic impedance transmission line 
segment which can impair signal integrity. 

There are various solutions in the art that address this problem. For 
example, the size of the transition can be reduced by using a flip chip concept or 
ball grid array packages, in which contacts of a chip or device are directly bonded 
to an adjacent chip, substrate, or device. Another known solution is filling the 
transition region with a high dielectric constant material such as, for example, an 
epoxy containing a ceramic. 

Although these solutions work, they are not applicable in all cases. For 
example, these solutions are not efficient in the sense that the high frequency 
signals in the transition might involve only a few of the interconnections in the 
transition. Therefore, the existing solutions become costly and inefficient to 
implement when only a minimal number of transition interconnections require 
special treatment for high frequency parasitic effects. 

In view of the foregoing exemplary problems, drawbacks, and 

disadvantages of the conventional methods, an exemplary feature of the present 
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invention is to provide a structure and method for bonding an electronic 
connection in a chip transition so that high frequency parasitics in the signal 
transmission can be reduced. 

It is another exemplary feature of the present invention to provide a 
technique in which only specific connections having wide bandwidth signals can 
be prepared to reduce high frequency parasitics. 

To achieve the above exemplary features and others, in a first exemplary 
aspect of the present invention, described herein is a method (and structure) of 
making an electronic interconnection, including, for a signal line to be 
interconnected, using a plurality of bonding wires configured to provide a 
controlled impedance effect. 

In a second exemplary aspect of the present invention, described herein is 
a method of reducing high frequency parasitic effects in a chip transition by using 
the above-described method. 

In a third exemplary aspect of the present invention, described herein is a 
method of fabricating an electronic component, including interconnecting a signal 
for a device in the electronic component by using the above-described method. 

In a fourth exemplary aspect of the present invention, described herein is 
an electronic component that includes at least one signal interconnected in the 
above-described manner. 
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In a fifth exemplary aspect of the present invention, described herein is an 
electronic apparatus that includes at least one electronic component having at least 
one signal interconnected in the above-described manner. 

In a sixth exemplary aspect of the present invention, described herein is a 
method of providing a signal from a chip, including, for a signal of the chip, 
providing a controlled impedance signal line that includes a plurality of bonding 
wires configured to be separated by a predetermined distance. 

The present invention provides a technique in which product costs can be 
reduced without a sacrifice in electrical performance. Improved signal 
transmission at higher data rates permitted by this invention will allow lower cost 
bond wire technologies to be applied to digital systems with ever increasing clock 
frequencies. Alternatively, the lower cost bond wire system of the present 
invention could replace more expensive packaging configurations currently used 
for high speed digital systems. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other exemplary features, aspects and advantages will 
be better understood from the following detailed description of an exemplary 
embodiment of the invention with reference to the drawings, in which: 
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Figure 1 A shows the top view 100 and Figure IB shows a side view 101 
of the wire bonding technique typically used in chip transitions; 

Figure 2 A shows the top view 200 and Figure 2B shows the side view 201 
of an exemplary embodiment of the present invention as implemented for 
5 single-ended signals which is analogous to a microstrip; 

Figure 3A shows the top view 300 and Figure 3B shows the side view 301 
of an exemplary embodiment of the present invention as implemented for 
single-ended signals which is analogous to a coplanar waveguide; 

Figure 4 shows an exemplary configuration 400 applied to a differential 
10 signal and which is used for testing by numerical simulation; and 

Figure 5 shows a result 500 of this numerical simulation of Figure 4. 



DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT OF THE INVENTION 

Referring now to the drawings, and more particularly to Figures 2A-5, 
1 5 exemplary embodiments of the present invention will now be described. 

It is noted that one of ordinary skill in the art, after having read the details 
described herein, would readily be able to apply the present invention as a method 
of producing a transition for a chip to interconnect the chip to terminals of a 
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package, interconnecting chips within a package, interconnecting a chip to a 
board, or otherwise interconnecting the chip. 

However, although the present invention is discussed in the environment 
of a chip transition, there is no intent that it be thus limited, since one of ordinary 
skill in the art would readily recognized that the concept can be generalized as 
applying more generically (e.g., to electronic interconnections). 

That is, the present invention can equally be applied to, for example, to 
integrated circuits, semiconductor devices, passive devices, filters, and so on. 

Moreover, it is also intended that the present invention encompasses the 
concept of manufacturing a chip, device, electronic component, or electronic 
apparatus in accordance with the techniques discussed herein. 

Additionally, it is intended that the products produced in accordance with 
these techniques, whether a chip, device, electronic component, or electronic 
apparatus, are also encompassed in the present invention. 

The present invention presents a solution to the problem both for 
single-ended signals and for differential signals. In both cases the present 
invention lowers and compensates the parasitic inductance, and hence controls the 
impedance seen by the signal, to a degree that improved transmission properties 
can be achieved. 
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Single-Ended Signals: 

The present invention takes advantage of a self-inductance decrease and a 
self-capacitance increase for a tightly-spaced pair of bonds, where one is the 
signal and one is the reference (ground). Theoretically, this effect can be 
calculated from the characteristic impedance formula for a transmission line: 

Zse= sqrt [ Lself/Cself] 

where Zse is the single-ended characteristic impedance, Lseif the self-inductance 

per unit length, and Cseif the self-capacitance per unit length. By bringing the Zse 

of the bonding wire interconnect down to the impedance of the surrounding 
interconnect system, an improved transmission can be achieved. 

That is, the bonding technique of the present invention is intended to be a 
method by which can be maintained the impedance of the chip circuit and/or 
output circuit to which the bonding wiring interconnects the chip circuit. Ideally, 
the output impedance of the chip matches the impedance of the bonding wiring 
system of the present invention, and this bonding wire system impedance matches 
the impedance of the circuit to which the bonding wire system connects. 

Specifically, two exemplary configurations are hereinbelow described, 
each with application to single-ended signaling configurations or to differential 
signaling configurations. 
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a) Microstrip: 

In the exemplary embodiment shown in top view 200 and side view 201 in 
Figures 2A and 2B, respectively, a microstrip with a round wire bond 202 is 
closely spaced above a ribbon bond 203. The round wire 202 and ribbon wire 203 
would typically be dispensed together and tacked at either periodic intervals or 
continuously with, for example, ultraviolet (UV) cured epoxy 204 to maintain the 
proper spacing. This would require some modification of the bond pad geometry 
as shown in Figures 2A and 2B, where an additional bond pad 205 in close 
proximity provides a retum path for the higher frequency components of the 
signal present on bond pad 206, compared to the conventional technique shown in 
Figures 1 A and IB where the retum path is not clearly assigned. 

The ribbon wire 203 is much wider than the round wire 202 (e.g., 
typically, at least twice as wide). Both wires 202, 203 can be stitched down with 
one custom shaped tip or fabricated in a two-step sequence in which the ribbon 
wire is bonded first. In current practice, the bonding wires 202, 203 would 
typically be gold or aluminum, but one of ordinary skill in the art would recognize 
that any other materials or alloys used for bonding could also be used. 

Although Figure 2 shows periodically dispensed adhesive (e.g. epoxy) in 
the form of beads 204, the adhesive can be continuously co-dispensed with the 
wires 202, 203, which would have a more significant effect on the line impedance. 
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Suitable choice of dielectric properties allows a reasonable tradeoff to be 
made between the vertical spacing of the round wire 202 above the ribbon ground 
reference 203 and dielectric loss. 

One of ordinary skill in the art would readily recognize that, given a target 
impedance to match with one of the bonding wire transmission configurations of 
the present invention, the equation for the characteristic impedance for that 
configuration provides the information to calculate the separation between wires 
and the dielectric constant (e.g., choice of dielectric to use). 

One of ordinary skill in the art would also readily recognize that variations 
of the structure shown in Figures 2A and 2B are possible, since a key aspect of the 
present invention is that of obtaining a controlled impedance connection in chip 
transitions. As examples of variations, the ribbon wire 203 might be above the 
roimd wire 202, or both conductors 202, 203 might be round wires or ribbon 
wires. 

b) Coplanar Waveguide 

A second exemplary variant on the present invention utilizes a coplanar 
waveguide (CPW) arrangement, exemplarily illustrated in a top view 300 and a 
side view 301 of Figures 3 A and 3B, respectively. Although Figures 3 A and 3B 
exemplarily show a ribbon-ribbon-ribbon configuration using ribbons 302, 303, 
304, other variations, such as ribbon-wire-ribbon could be implemented. It is noted 
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that this example uses center ribbon 303 as the signal conductor and outside ribbons 
302,304 as ground conductors. 

This second embodiment has the advantage of using a more conventional 
linear pad 305 geometry on the chip 306. Similar to the first embodiment, a 
preferred technique in this second embodiment would bond all three conductors 
302, 303, 304 of the CPW (coplanar waveguide) at the same time, with periodic 
or continuous spacers 307 of UV cured epoxy or other suitable adhesive as 
needed. 

Differential Signals: 

The present invention can also be extended to take advantage of the 
mutual inductive and capacitive coupling between adjacent bonding wires which 
are carrying differential signals (i.e., signals of opposite polarity). This aspect 
increases both coupling terms, thus lowering the effective impedance. 
Theoretically, this effect can be calculated from the characteristic impedance 
formula for a differential pair of transmission lines: 

Zdiff = 2 * sqrt [(Lself - Lmutual) / (Cself + 2 * Cmutual)], 

where Zdiff is the differential mode characteristic impedance, Lself the 

self-inductance per unit length, Lmutual the mutual inductance per unit length, Cseif 

the self-capacitance per unit length, and Cmutual the mutual- capacitance per unit 
length. 
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By bringing the Zdiff of the bonding wire interconnect to be near to (or the 
same as) the impedance of the surrounding interconnect system, an improved 
transmission can be achieved. In contrast to the single-ended case, Lmutuai and 

Cmutual and not Lseif and Cseif are used for lowering of the characteristic 

impedance (decrease of Lmutuai and increase of Cmutual)- 

Technically, the change in Lmutuai and Cmutual is achieved by placing the 

bonding wires in a close, controlled distance. Of course, shorts between bonding 
wires have to be avoided, which can be achieved, as before, by co-dispensing the 
wires with a suitable dielectric. 

Altematively, a suitable, insulating dielectric (e.g., such as Kapton®) to 
which the wire bonds are attached could be used. In this case, the bonding wires 
are attached to the dielectric before placing them, similar to the technique used in 
the tape automated bonding system in which conductors are adhered to the surface 
of a dielectric tape. 

Choice of Bond Distance and Dielectric: 

Both the thickness and the dielectric constant of the dielectric determine 

the achieved Zse or Zdiff. There may be a choice of dielectric thicknesses (20 - 50 

-100 |im) which allows tailoring to suit a specific application having, for 

example, space constraints or desired coupling. 
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By mixing in high dielectric constant particles (e.g., glass or ceramic), 
either uniformly in the adhesive or in a spatially varying fashion, the capacitive 
coupling can be adjusted separately to be either constant or a controlled function 
of distance along the lines. 
Extension to Filters and Impedance Transformers 

If controlled impedance discontinuities in these structures are created (e.g., 
by dispensing the dielectric in discrete beads instead of continuously), the 
equivalent of lumped element filters and matching networks within the wirebond 
connection can be implemented. Although this would only be practical at much 
higher frequencies than discussed heretofore, this would have the advantage of 
implementing additional circuit functionality with no additional packaging or 
component costs. Concepts well known in microwave passive filter design would 
be used to implement this aspect of the present invention. 
Results for a Prototype from Numerical Simulation 

Figure 4 shows an exemplary configuration 400 in accordance with 
concepts of the present invention that was used for testing by numerical 
simulation. Figure 5 shows results 500 of the simulation of Figure 4. 

As shown in Figure 4, a pair of approximately 3 mil wide ribbon bonds 

401, 402 are used in differential signaling from microstrips 403 on a ceramic 

substrate 404 to a chip 405 having contact pads 406. The dielectric spacer 407 in 

this case is about 3 mil wide. 
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Comparison of reflection and transmission properties of differential ribbon 
bond interconnect are shown. Curve 501 shows the reflection with approximately 
1 mil distance separation of ribbon wires with a continuous spacer having 
dielectric constant of 4.4, and curve 502 shows the transmission properties of this 
first simulation example. 

Curve 503 shows a second example, in which the reflection with 
approximately 3 mil distance separation of ribbon wires with a continuous spacer 
having dielectric constant 4.4, and curve 504 shows the transmission properties of 
this second example. 

Curve 505 shows a third example in which the reflection with 10 mil 
separation of ribbon wires with no spacer, and curve 506 shows the transmission 
properties of this third example. Clearly the 1 mil spacing example performs best. 

Improved signal transmission at higher data rates permitted by this 
invention will allow lower cost bond wire technologies to be applied to digital 
systems with ever increasing clock frequencies. Altematively, more expensive 
packaging configurations that are currently used for high speed digital systems 
could be migrated to a lower cost bondwire configuration. In either case, product 
costs would be reduced without a sacrifice in electrical performance. 

While the invention has been described in terms of exemplary 

embodiments, those skilled in the art will recognize that the invention can be 

practiced with modification within the spirit and scope of the appended claims. 
YOR920030378US1 

13 



I 

Further, it is noted that Applicants' intent is to encompass equivalents of 
all claim elements, even if amended later during prosecution. 
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